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 Abstract  In this chapter we take a complex systems approach to exploring the 
linkages among the phenomenon of urbanization, the changing value systems and 
world perspectives of urban dwellers, the sometimes distant connections to the food 
production systems that support cities, and the often invisible ecosystem services 
that support food production and in turn are affected by food production. 
 After we explore the relationship between a range of ecosystem services and 
their relationship to food production, we present three cases of economically devel-
oped cities that secure their food from global sources. The wealthy urban popula-
tions in all our three case cities adhere to the highly commoditized systems of 
industrial production based on energy- and material-intensive external inputs for the 
bulk of their food provision. Fully integrated into the global market, trade enables 
these cities to both consume and produce what their consumers desire without 
regard to the local capacity of ecosystems in the regions around the cities. Although 
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each city is secure under prevailing economic and trade conditions, they are exposed 
to a range of socio-economic and ecosystem vulnerabilities that arise from the con-
ventional “productivist” food production paradigm upon which they are based. 
 We conclude by proposing a number of scenarios describing plausible trajectories 
for the evolution of food systems in the twenty-fi rst century as humanity becomes 
increasingly urbanized. Fundamentally, the ecologically integrated system approach, 
especially the urban garden component, would go a long way towards reconnecting 
urban dwellers with the biosphere, with potential positive effects on biodiversity. 
26.1  Introduction 
 Humankind is now a predominantly urban species (see Chap.  1 ), a situation that is 
unique in the history of our species. We may, for the most part, no longer be agrarian 
societies in terms of our socio-cultural arrangements, but we remain as utterly 
dependent on agriculture as earlier humans were. Human ingenuity has made it 
possible for one to be able to dine in a restaurant that is on the 122nd fl oor of a 
skyscraper, some 422 m off the ground, in the middle of the Arabian Desert. 
However, the potato that one eats would not exist if the ecosystem services of 
the planet’s surface had not been harnessed by an agricultural worker to grow it. 
Furthermore, agriculture would not continue to thrive if were not for an enormous 
amount of energy inputs organized by humanity and an even more important range 
of ecosystem services giving essential support that is often unseen and nearly always 
under-valued. 
 The growing trend towards urbanization is exacerbating the need to expand 
food production to support a growing human population. By 2050 the population is 
projected to grow by about another two billion people, or by about 20 %. However, 
food production will need to grow by more than double that, by an estimated 50 %. 
One primary reason for this disparity is directly related to urbanization. As people 
move from rural, agrarian lifestyles to urban areas, their incomes and consumption 
tend to rise. An essential characteristic of that trend is a shift in diet towards more 
protein, which in turn leads to an increasing demand, beyond the simple population 
growth rate, for meat and fi sh (Delgado et al.  2003 ). The increasing demand for 
meat, in particular, drives an increase in grain production for livestock feed and, 
in general, an increased use of resources associated with agricultural production. 
 The stocks of food available in a city do not determine adequate fl ows of food to 
consumers. Spoilage and wastage are both outfl ows of food that are not consumed 
at all. The fi gures vary and are diffi cult to estimate, but globally around 30 % of 
food produced is wasted. Adequate food supplies may be nominally available within 
the city, but not equally distributed. Available food is also not necessarily affordable, 
and certainly not equally so. Particular kinds of food may be culturally unacceptable 
or at least fail to meet preferences. Food choices are also susceptible to marketing, 
promotion and the infl uence of the buying power and retail strategies of the big food 
companies. Together these kinds of processes act to constrain what food gets 
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consumed, in what volumes, by whom, and with what health outcomes. However, 
Earth’s ecosystem services have to produce the food whether it is wasted or not, and 
in that sense production does come before distribution and consequent access and 
availability; thus, our chapter focuses mostly on production. 
 At the same time that urban dwellers are exerting an increasing pressure on natu-
ral resources both within urban boundaries and particularly from distant support 
areas (Deutsch and Folke  2005 ; Deutsch et al.  2007 ; Folke et al.  1997 ), urbanites 
have become increasingly decoupled from nature and have lost connections to 
very resource base that they are dependent upon for food production (Folke  1998 ). 
An example of this is the growing preference of urban dwellers in the world’s 
wealthy countries for conservation of small plots of “pristine” ecosystems over 
stewardship of the agroecosystems that they are dependent on for their very existence 
(see case studies in Sect.  26.5 of this chapter). 
 Ultimately, biodiversity pays the price for the increasing demands on natural 
resources, and for the increasing disconnect between urban dwellers and the 
ecosystem services on which they depend. Biodiversity, in terms of the abundance 
of species, is already being lost at a rate 100–1,000 times the background rate of 
extinction (Millennium Ecosystem Assessment  2005 ). It is now estimated that the 
Earth’s biodiversity may be approaching a critical threshold that will lead to a mass 
extinction event at the planetary level (Barnovsky et al.  2011 ). Halting the loss of 
biodiversity is critically important, as biodiversity provides the underpinning for 
well- functioning ecosystems and thus is necessary for the provision of ecosystem 
services, thereby supporting human well-being (Millennium Ecosystem Assessment 
 2005 ; Díaz et al.  2006 ; Cardinale et al.  2012 ). 
 In this chapter we take a complex systems approach to exploring the linkages 
among the phenomenon of urbanization, the changing value systems and world 
perspectives of urban dwellers, the sometimes distant connections to the food 
production systems that support cities, and the often invisible ecosystem services 
that support food production and in turn are affected by food production. We 
focus on the wealthy urban populations of three developed nations to explore the 
conventional “productivist” food production paradigm upon which they are based. 
We conclude the chapter by putting forward a number of scenarios describing 
plausible trajectories for the evolution of food systems in the twenty-fi rst century as 
humanity becomes increasingly urbanized. 
26.2  Impacts of Agriculture on Biodiversity 
 Human impacts on biodiversity (both in terms of increased rates of extinctions and 
reductions in abundance and distribution), which result from a quest for food, pre-
date even the advent of agriculture. There is good evidence of human predation as 
an important factor in the so-called Pleistocene megafauna extinctions during the 
last ice age, from 30,000 to 60,000 years (Alroy  2001 ; Martin and Klein  1984 ; 
Roberts et al.  2001 ). These were widespread across the planet, ranging from the 
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disappearance of the woolly mammoths in northern Eurasia to the giant wombats in 
Australia. However, by far the biggest impact of human activity on biodiversity has 
come in the last 10,000 years, largely through the indirect effects of agriculture and 
its expansion across the planet, particularly after the industrial revolution. The most 
important of these impacts are:
 Habitat loss and fragmentation The biggest negative impact on biodiversity is cou-
pled to habitat loss primarily due to the conversion of naturally biodiverse forests, 
wetlands and grasslands to less diverse agroecosystems of croplands and pastures 
(Pereira et al.  2010 ). Humans have already altered more than half of the Earth’s sur-
face (Ellis et al.  2010 ) and croplands and pastures occupy about 40 % of all lands 
(Foley et al.  2005 ), compared to 14 % in 1850. In the 30 years following the beginning 
of the Great Acceleration in 1950, more areas were cultivated than in the 150 years 
between 1700 and 1850 (Cassman and Wood  2005 ). With about 33 % of all croplands 
used for feed crops (Steinfeld et al.  2006 ), the livestock sector in total occupies more 
than 30 % of global land area. Today, cultivated systems need to supply cities with 
food, feed, fi ber and fuels. However, not all increases in food production have been 
met by expansion of areas. 70 % of the growth in crop production in developing coun-
tries since the 1960s is due to intensifi cation of agricultural management practices 
(Bruinsma  2003 ). These greater yields were achieved by use of irrigation, mechaniza-
tion, inorganic fertilizers and new crop varieties (i.e., the Green Revolution). 
 Modifi cation of the water cycle Agriculture modifi es the water cycle in two ways – 
directly through the diversion of liquid water (“blue water”) from rivers and under-
ground aquifers, and indirectly via the conversion of forests to croplands and 
pastures and thus a change in evapotranspiration from the landscape (“green water 
fl ows”) (Gordon et al.  2005 ). The diversion of blue water fl ows can have direct 
impacts on the biodiversity of freshwater ecosystems; the shrinkage of the Aral Sea 
due to river diversion serves as an extreme example. However, the conversion of 
forests – particularly very biodiversity-rich tropical forests – to agricultural systems 
arguably has a greater impact on biodiversity. 
 Application of nutrients The application of nutrients, mainly nitrogen (N) and 
phosphorous (P), on agricultural landscapes and consequent transport into natural 
ecosystems (e.g., wetland habitats and inland and coastal waters) has also had major 
negative impacts on biodiversity in these systems. For example, excess P can lead to 
the eutrophication of freshwater lakes and rivers (e.g., Schindler  2006 ) while trans-
port of P and N can lead to anoxic zones in the coastal seas adjacent the mouths of 
large rivers whose catchments contain extensive croplands, such as the Gulf of 
Mexico adjacent to the mouth of the Mississippi River (Potter et al.  2010 ). Excess 
N applied to landscapes can also affect terrestrial biodiversity by favoring fast-
growing generalists that then outcompete rarer species that thrive in nutrient-poor 
niches in the landscape (Mooney et al.  1999 ) 
 Modifi cation of disturbance regimes Two prominent examples of this driver are: (i) 
changes in quantity, timing and frequency of natural fl ooding events on major rivers 
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due to large-scale irrigation projects, which have consequences for the biodiversity 
of freshwater ecosystems (changes to the fl ooding regimes of the Indus, Nile, and 
Rio Grande rivers are all instances of vastly-modifi ed fl ooding regimes mainly 
driven by agriculture); (ii) changes in fi re regimes due to land use change such as 
forest conversion to agriculture (for example, naturally occurring forest fi res associ-
ated with El Niño play a role in seed dispersal in Borneo’s forests, but land-cover 
modifi cations related to oil palm plantations have produced changes in the intensity 
and extent of fi re and it is now a destroyer of seeds) (Curran et al.  2004 ). Pervasive 
changes in fi re regimes in dryland ecosystems – for example, the intensity, fre-
quency and seasonality of savannah and woodland fi res across much of Australia – 
can also lead to large impacts on biodiversity (Steffen et al.  2009 ). 
 Although the focus of this chapter is on the impacts of food production systems 
on biodiversity, the need to provide food for the growing urban population has other 
impacts on the environment, across all scales, from the local to the global level. 
Now that we are in the Anthropocene epoch, where human activities rival or exceed 
natural biogeophysical processes, we need to explicitly deal with global-level envi-
ronmental challenges to resource use (Steffen et al.  2011 ). The planetary boundaries 
concept quantifi es biophysical thresholds that cannot be transgressed if we wish to 
avoid undesirable environmental change (Rockström et al.  2009 ). As shown in 
Table  26.1 , food production systems have a close and complex relationship to the 
planetary boundaries, including of course the boundary for biodiversity loss. They 
contribute to human pressure on all of the planetary boundaries, but equally are at 
risk themselves if many of the boundaries are transgressed.
 The nine boundaries are not independent, but rather have many interconnections 
across clusters of them. For example, land-use change, the N and P cycles, freshwa-
ter use and terrestrial biodiversity loss are all closely interrelated around the extrac-
tion of resources and other ecosystem services, but food production is the dominant 
driver in each case. This strongly supports – even at the global scale – the call for a 
new approach to agriculture that can increase production to meet the demands of 
2050 while at the same time greatly reducing the imprint on all of these planetary 
boundaries. 
26.3  Food Systems in the Context of Ecosystem Services 
 Ecosystem services (ES) are both the benefi ts people obtain from ecosystems 
(Millennium Ecosystem Assessment  2005 ) and the capacity of natural processes 
and components to provide the benefi ts (Daily  1997 ). These include provisioning, 
regulating and cultural services that directly affect people and the supporting services 
needed to maintain other services. All four types of ecosystem services are associ-
ated with feeding cities. We explore the relationship between a range of ecosystem 
services and their relationship to food production (see Table  26.2 ). For a broader 
discussion of urban ecosystem services, see Chap.  11 .
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26.3.1  Provisioning Services Related to Feeding Cities 
 Provisioning services generate the products that humans use directly from ecosystems. 
We explore how the production of food (including crops, livestock products, fi sheries 
and aquaculture) affects three other provisioning ES below (complementing the ES 
described in Chap.  11 )
 Table 26.1  Food production and planetary boundaries 
 Planetary boundary  Relation to food provision 
 1.  Land-use change  Conversion of natural ecosystems to croplands and pastures is the 
most dominant form of land-use change in terms of the area 
converted. The area of “domesticated land” (crops and pastures) 
has increased from a low level prior to the industrial revolution to 
about 40 % of the ice-free land surface now 
 2.  Phosphorous & 
nitrogen 
cycle 
 By far the largest perturbation of these two element cycles has been 
their mining (P) and their fi xation from the atmosphere (N) for the 
production of fertilizers. In some regions, the application of 
manure is also a signifi cant perturbation to the P and N cycles 
 3.  Freshwater use  About 70 % of all freshwater diverted for human use is applied in the 
form of irrigation to enhance food provision 
 4.  Rate of 
Biodiversity 
loss 
 The loss of habitat through the conversion of natural ecosystems to 
agricultural systems has been the largest driver of biodiversity loss 
up to the present. The conversion of mangrove forests to prawn 
farms plays a signifi cant role in the loss of marine biodiversity 
 5.  Climate change  The use of fossil fuels, especially petroleum products, is ubiquitous 
through the entire food system, from the tillage of soils through the 
processing of food to its delivery to shops and supermarkets. In 
addition to carbon dioxide, agricultural systems emit signifi cant 
amounts of methane (livestock production and rice paddies) and 
nitrous oxide (fertilizer use). Destabilization of the Holocene 
climate has potentially very large implications for our ability to 
feed nine billion people 
 6.  Ocean 
acidifi cation 
 Agriculture affects ocean acidifi cation through carbon dioxide 
emissions, although energy production is a much bigger source. 
Marine food systems, especially those associated with coral reefs, 
are affected by the increasing acidity of the ocean 
 7.  Ozone depletion  The CFCs that are the cause of stratospheric ozone depletion were 
primarily used in refrigeration, a major driver for which is food 
storage and transport 
 8.  Atmospheric 
aerosol 
loading 
 Food provision affects the production of aerosols in a number of ways. 
These include the burning of wood for food preparation (e.g., in 
south Asia), soil degradation and subsequent wind erosion 
resulting from overgrazing, and fi res and subsequent smoke 
production associated with deforestation and conversion to 
agriculture in the tropics 
 9.  Chemical 
pollution 
 Fertilizer, pesticides and herbicides, all directly related to intensifi ca-
tion of agriculture, are amongst the most pervasive and toxic 
chemical pollutants 
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 Table 26.2  Ecosystem services (ES) and their relationship to food production 
 Ecosystem service  Relation to food provision 
 Provisioning Services 
 Fresh water  Globally, 70 % of withdrawals goes to food production. In big 
food- producing regions it is higher, e.g., over 90 % in the Murray 
Darling in Australia 
 Wood and fi ber  In developing countries the majority of wood consumption is related 
to food, e.g., household cooking, commercial processing of fi sh 
and meat, etc. 
 Fuel  As ecosystems must provide fuels in addition to food, feed and fi ber, 
there is a trade off between crops for biofuels and crops for food 
and feed 
 Regulating Services 
 Carbon sequestration  Conversion of natural forests to croplands and grasslands for food 
and meat production releases carbon and crops do not sequester 
as much carbon as forests 
 Climate regulation  Deforestation for pastures is linked to rainfall decline in the Amazon 
through alteration of the regional moisture feedback cycle 
 Flood regulation  Removal of mangroves for shrimp farms has degraded natural coastal 
protection 
 Disease control  Industrial agricultural practices such as monoculture crop planting and 
enclosing large groups of animals in close proximity to each other 
and humans is conducive to pest and disease outbreaks and spreads 
 Water purifi cation  Phosphorous and nitrogen are polluting aquatic ecosystems due to 
different activities, e.g., agricultural fertilizer runoff (Baltic Sea), 
livestock waste mismanagement (SE Asia) 
 Cultural Services 
 Aesthetic  Cultural landscapes are highly valued in Europe, e.g., some 
Scandinavian inhabitants prefer open agricultural landscapes 
to native vegetation 
 Spiritual (cultural)  The Japanese place high cultural values on traditional food-producing 
 satoyama landscapes and associated communities 
 Educational  Consumers can be “reconnected” to agroecosystems through urban 
food production and farmer’s markets 
 Recreational  Tourist stays by urban populations on rural farms are of signifi cant 
economic value and keep agricultural communities in many 
developed countries viable 
 Supporting Services 
 Nutrient cycling  Industrial systems have broken the nutrient cycle of integrated systems 
of animal and crops and are now dependent on purchase of 
chemical fertilizers for production 
 Soil formation  Ecosystem-oriented farming methods focus on enhancing the capacity 
of agricultural systems for soil maintenance as the essential 
prerequisite for food production 
 Primary Production  The biological basis for agriculture and fi sheries productivity is 
harvested net primary productivity 
 Biodiversity is not considered to be an ES, but underlies ecosystem functioning and therefore 
production of all ES 
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 Freshwater supply : Agricultural production can increase or decrease water supply. 
For example, there is a decrease in water use and an increase in stream fl ow associ-
ated with deforestation and subsequent conversion to cropland, but there is an 
increase in water use if crops replace grasslands. Agriculture can also effect where 
water is available, e.g., increases in animal herd density typical of industrialization 
of livestock production can compact soils and decrease rainwater infi ltration (and 
resulting groundwater recharge). Changes in groundwater can be linked to drinking 
water availability for humans. Changes in runoff production can mean a reduction of 
stream fl ow, which can result in habitat destruction in aquatic systems. Approximately 
40 % of our global food supply is dependent on irrigation, and this food production 
uses 70 % of global water withdrawals (Bruinsma  2003 ; Postel et al.  1996 ). In big 
food-producing regions the local proportion is higher, e.g., over 90 % of withdrawals 
in the Murray Darling in Australia go to food irrigation (Smith  1998 ). 
 Wood and fi ber : The majority of wood consumption in developing countries is 
related to fuel for food, e.g., household cooking and commercial processing. Wood 
is also used for housing materials, utensils, containers and much more related to 
storage and consumption of food. Fibers such as cotton and fl ax are key raw materi-
als for manufacture of items such as textiles, cords, ropes, and baskets which are 
used to store and transport food to cities. 
 Fuel : Recent interest in biofuels has increased demand for oil crops such as 
soybeans and corn as evidenced by the diversion of corn to ethanol production in 
the USA. These are not only food crops, but also major feed inputs for farmed pigs, 
chickens and salmon. Price increases in oil crops can not only effect food crop avail-
ability, but also encourage increased use of fi shmeal as an alternative feed input 
(Deutsch et al.  2011 ; FAO  2009 ). 
26.3.2  Regulating Services Related to Feeding Cities 
 Regulating services are the benefi ts obtained by humans from the regulation of 
ecosystem processes. Following, we describe fi ve key regulating services and how 
they are directly affected by food production.
 Carbon sequestration : The regulation of atmospheric carbon is fundamentally 
effected by agriculture (Lal  2008 ). The vast 770 Gt stock of atmospheric carbon is 
constantly being regulated by the biosphere as photosynthesis fi xes carbon dioxide 
into carbohydrates. These stocks are then sequestered in the bodies of plants, and 
the animals that eat them, thus forming a second stock of 600 Gt. Through various 
processes, the biosphere exchanges carbon with the soil, which at 2,300 Gt is the 
largest stock of all. By manipulating the co-evolved terrestrial ecosystems of the 
planet, farming dramatically affects these stocks. Deforestation and the disturbance 
of the soil through tillage releases vast amounts of carbon into the atmosphere. 
Crops replenish carbon in the soil at a much lower rate and for lower residency 
periods than forests (Cederberg et al.  2011 ; Rockström et al.  2009 ). However, 
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human focus on food production results in a trade-off between biomass for food and 
carbon sequestration. On one hand, although the GPP (gross primary production) of 
a forest is much higher than grassland, its NPP (net primary production) is low, 
and the NPP of food edible by humans in a forest is lower still. On the other hand, 
however, clearing woodlands to create a fi eld of wheat massively reduces GPP but 
it massively increases the harvestable edible NPP. 
 Climate regulation : Deforestation driven by agricultural expansion can not only 
cause changes to local microclimates, but can also be tied to changes at regional 
scales. Extensive deforestation in the Amazon has greatly reduced transpiration and 
broken the regional moisture feedback cycle from the land, leaving only vapor fl ow 
from the ocean to contribute to moisture generation, which has reduced regional 
precipitation levels (Oyama and Nobre  2003 ). 
 Flood regulation : When natural mangrove swamps are deforested to produce food 
such as jumbo shrimp in aquaculture ponds, this ecosystem structure is removed, 
and with it the mitigating function protecting coastal areas from natural storm 
surges and fl oods disappears (Rönnback  1999 ). 
 Disease control : Industrial food production has simplifi ed ecosystems and uses 
strategies that are in confl ict with the natural mechanisms of disease control, e.g., 
in regards to diversity and population density. The monocultures of the Green 
Revolution have seen the spread of a few particular species of crops and animals, 
and the loss of native varieties (Millennium Ecosystem Assessment  2005 ). Herd 
density of industrial husbandry leads to disease spread and massively increases the 
use of antibiotics to maintain production, which results in drug resistance. 
Urbanization is mainly related to emergence of new diseases as the demand for 
more meat in cities means the increase of livestock as well as humans in cities 
(Perry et al.  2011 ); it is particularly concerning because growth in meat production 
in cities is mostly taking place where the capacity to invest in proper facilities 
is lower. 
 Water purifi cation : More than 80 % of the P and N used globally in agriculture 
is not taken up by vegetation; instead, it leaks out and effects other systems, i.e., 
terrestrial and aquatic ecosystems (Cordell et al.  2011 ; Galloway et al.  2010 ). There 
are even links to water quality related to overfi shing of oysters in Chesapeake Bay, 
USA, where these fi lter feeders maintained water clarity (Deutsch et al.  2011 ). 
26.3.3  Cultural Services Related to Feeding Cities 
 Cultural services are the non-material benefi ts people obtain from ecosystems. 
In the context of food production, cultural ecosystem services are associated with 
socio-economic values (e.g. prizing the rural agrarian lifestyle or the production of 
culturally preferred foodstuffs) as well as with educational and aesthetic values as 
described below.
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 Aesthetic : In Sweden, the heavily managed landscape in agricultural production 
not only has high levels of biodiversity, but the open landscape has a high cul-
tural value compared to the forests that inevitably grow back when agriculture is 
removed (Björklund et al.  1999 ; Pykälä  2000 ). The open coastal views along the 
Swedish Island of Gotland are some of the most valued in the country, and are main-
tained by grazing sheep. 
 Spiritual : The Japanese place strong values on traditional food producing 
 satoyama landscapes and associated communities (Ichikawa et al.  2006 ). In addi-
tion, there are strong cultural attachments to the fl avor and appearance of Japanese-
grown rice as well as to the idea of having traditional Japanese rice farmers farming 
Japanese landscapes. Many people attach a strong identity to livelihoods, such as 
ranchers, farmers or fi shers. 
 Educational : There is an educational value related to the reconnection of urban 
residents to ecosystems through food, as demonstrated through both the growing 
interest in urban agriculture in Stockholm, Sweden (e.g., allotment gardens) and the 
increasing number of and popularity of farmer’s markets (Milestad et al.  2010 ). 
 Recreational : In Europe, Canada, USA and Australia there is an established farm 
tourism industry whereby urban tourists vacation at rural farms as a way to escape 
busy cities and allow their children to experience food production fi rst- hand. The 
importance of this industry to farming incomes and as a tourism resource is increas-
ing (Fennell and Weaver  1997 ). 
26.3.4  Supporting Services Related to Feeding Cities 
 Supporting services are those necessary for the production of other ecosystem 
services. They are the underlying capacity of natural processes and components 
to provide the benefi ts people obtain from ecosystems, namely food production. 
We examine how three key supporting services are affected by different production 
system choices.
 Nutrient cycling 
 Industrial animal production systems are large contributors to nutrient leakages. 
The current practice of specialized production systems in which crops and livestock 
are no longer integrated has broken the nutrient cycle; it contributes to excessive 
concentrations of nutrients in areas close to livestock and defi cits in areas with 
crops. This imbalance results in the need to produce and trade industrial fertilizers 
globally (Galloway et al.  2010 ). Thus, manure needs to be treated as a valuable 
resource (Menzi et al.  2010 ). 
 Soil formation 
 Soil formation is affected by management practices in several ways: (1) livestock 
systems in which nutrients are not returned to the same geographical location where 
crops are grown break the nutrient cycle and farmers become dependent on fertilizers, 
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(2) mining soils by using crop management practices that do not assure that suffi cient 
levels of soil organic material (SOM) or nutrients are generated by crop rotations of 
N-fi xing legumes or SOM from pastures, (3) tillage or residue cover practices can 
prevent physical erosion by rain or wind (Robertson and Swinton  2005 ). 
 Primary production 
 Gross primary productivity (GPP) of the landscape, is the measure of the rate of 
conversion of solar energy to biomass. The balance of the energy from GPP left after 
a plant has satisfi ed its own metabolic requirements is Net Primary Productivity 
(NPP) and is available as biomass. Only NPP is available to enter the food chain of 
all non-producing species, including humans. At its core, farming is the manipula-
tion of ecosystems into states in which the NPP of biomass that is edible for humans 
or their livestock is highest. In marine systems, intensive aquaculture of carnivorous 
species such as salmon is characterized by large inputs of high quality wild fi sh catch 
in livestock feeds and a net loss of fi sh NPP (protein) (Naylor et al.  1998 ,  2000 ). 
While progress has been made in decreasing feed conversion ratios, salmon require 
at least 3 kg of wild fi sh as feed for each kilogram of farmed salmon eventually pro-
duced, and tuna consume 12–20 kg of sardines and mackerel for each harvested kilo-
gram (Tacon and Metian  2009 ). Increasingly, marine and terrestrial primary 
production capacity is globally scarce (Erb et al.  2009 ; FAO  2010 ; Lambin and 
Meyfroidt  2011 ). 
26.3.5  Valuing Synergies and Multi-functionality 
Among Ecosystem Services 
 Recent development of agricultural production follows the economic model of 
specialization and focuses on one provisioning service at a time, e.g., meat production. 
Some main ways that intensifi cation of livestock production can negatively impact 
biodiversity are through land-use changes, and pesticides and fertilizer misuse. 
Land-use changes such as continuous cultivation of feed crops like soybeans and 
conversion of tropical rainforest to grazing lands simplify agricultural systems, 
which results in major biodiversity losses (Donald  2004 ). Heavy application of 
pesticides and fertilizers can result in losses of both plant and animal species as well 
as in secondary cascading effects on a larger scale. A focus on single products and 
simplifi cation of landscapes is in opposition to natural multifunctionality and 
diversity. Agricultural ecosystems, of which livestock are often an integral part, are 
multifunctional and can generate a whole bundle of ecosystem services simultane-
ously (see Fig.  26.1 ). Depending on the production methods chosen, the relative 
abundance of different ecosystem services can change. For example, livestock not 
only produce meat and milk, but can be used as a tool for maintaining and increas-
ing biodiversity (e.g., grazing lands can be used to protect wildlife in savannas) 
(Reid et al.  2010 ) as well as storing signifi cantly greater stocks of carbon than inten-
sive cropping systems. The concept of ecosystem bundles is a more relevant way to 
look at food production systems and ecosystems services. The approach is to use 
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nature to look for synergies and multifunctionality in food production (in concor-
dance with scenario three in Sect.  26.6.3 of this chapter).
 Until recently, of the four ecosystem service types associated with feeding cities, 
only provisioning services were economically valued. Conventional market eco-
nomics has begun attempts to place value on the regulating services of agricultural 
landscapes, for example, through attempts to include measures like biodiversity and 
natural capital in national budgets (Kumar  2010 ). Recent debates have discussed the 
possibility of farmers being rewarded fi nancially for farming in ways that provide 
higher levels of carbon sequestration (Lal  2010 ). In some systems, such as livestock 
grazing on native perennial grasses, much higher soil carbon stocks could indeed be 
achieved, while still allowing for food production (Robertson and Swinton  2005 ). 
However, consideration needs to be given to the food security implications of policy 
initiatives that take very large land areas out of food production altogether in the 
interest of promoting carbon regulation. 
 In addition to the above problems related to simplifi cation and valuation, the 
percentage of the price paid by the consumer that reaches the farmer is typically 
very small. Furthermore, the price paid for basic carbohydrates bulk staples is 
less than for products, such as fruits, vegetables and meats. The more elaborately 
processed and transformed the product is by the food system, the higher the value. 
These economic pressures mean that farmers who continue to produce staple 
commodities have to produce more and more for an equivalent fi nancial return. 
This ‘effi ciency’ driver leads to increases in on-farm inputs, higher levels of 
mechanization, and a fewer number of farmers on farms that are larger in area. 
Estimates are that one third of all food produced is now dependent on fossil-fuel-
derived nitrogenous fertilizers (Smil  2002 ). High levels of such inputs have negative 
consequences on the landscapes that are expected to yield more, and result in envi-
ronmental harm through processes such as excessive nutrient runoff. Furthermore, 
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 Fig. 26.1  Ecosystem services bundles associated with different levels of intensifi cation of live-
stock production systems 
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In China, for example, grain yields are in the order of 50 % more than they were 25 
years ago, but it has taken almost 275 % increases in application rates to achieve this 
(Ingram et al.  2010 ). There are also negative impacts on rural communities as 
incomes and jobs are lost and younger generations look to cities for more secure and 
attractive lifestyles. These biophysical and social-economic forces combine to 
endanger bulk commodity production. 
 One way out of the trap of is to get out of bulk staple commodities and into 
higher value produce. Thai rice farmers can earn considerably more if they convert 
their rice paddies to aquaculture ponds and farm shrimp in them. The economic 
rationale is that, with the greater return earned from shrimp farming, they can 
purchase the rice that they no longer grow. This assumes that the carbohydrate pro-
ducing activity can be displaced to some other landscape and that the farmer in that 
location is willing and able to grow it. Brazil is one such landscape. However, at a 
global scale we cannot indefi nitely displace from one place to another the location 
of the ecosystems services required for the production of primary foodstuffs. Basic 
carbohydrates are the bedrock of adequate diets and there will be serious implica-
tions for urban food security and health if every farmer abandons carbohydrate 
provisioning in the quest for higher value returns from more exotic and fancy goods. 
 There are also implications for human health and well-being throughout this 
process. Displacing the point of production of low-value basic commodities from 
wealthy to poorer communities results in a range of health and well-being issues in 
marginal rural areas. Conversely, the process of commodifi cation of food into highly 
processed consumables promoted through marketing and advertising changes 
dietary intake. Typically, these processed items are higher in salts, fats and sugars, 
and overconsumption of them has resulted in a global epidemic of obesity 
(McMichael  2001 ). 
 Finally, the further a product moves along the food chain, the greater its value. 
Large industrial agri-businesses now secure food provisions from across the globe and 
elaborately process, package and distribute them as end products. This practice 
increases the environmental impact of the entire food system. For example, almost 
half the greenhouse gas emissions associated with the consumption of food in high- 
income countries like the U.K. and USA are released after the produce leaves the farm 
(Garnett  2011 ; Ingram et al.  2010 ). A consequence of this is that the energy ratio of 
our food, measured as the total amount of energy required to produce the food against 
the total amount of energy we get out when we consume it, is now strongly negative 
(Pelletier  2010 ; Smil  2011 ). That is, we put more energy in than we get out. 
 In the next section, we present three cases of economically-developed, fi rst- 
world cities that secure their food from global sources. The cases illustrate differ-
ent approaches to achieving food systems security, which have resulted from 
changes in the human-environment relationship partly arising from a shift from 
agrarian to urban societies (Mazoyer and Roudart  2006 ). Although each city is 
secure under prevailing economic and trade conditions, they are exposed to a range 
of socio- economic and ecosystem vulnerabilities that arise from the conventional 
“productivist” food production paradigm upon which they are based (Lang and 
Heasman  2004 ). 
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26.4  Urbanization, Globalization, and the Changing 
Relationship Between People and the Rest of Nature 
 First, we examine fi ve key changes in the human-environment relationship and then 
illustrate these changes in the capital city regions of Copenhagen, Tokyo, and 
Canberra; we then explore how this relates to food security and biodiversity. 
 The fi rst change is that urban dwellers display an increasing lack of understand-
ing of the realities of agricultural production and the social and economic processes 
that result in their food becoming available to them. Urban dwellers have a “textbook” 
understanding of ecology and tend to focus on conservation, while rural dwellers 
have a more practical understanding and focus on managing ecosystems (Hibbard 
et al.  2007 ). This can result in political pressure from urban dwellers, who are 
increasingly more politically powerful than their rural counterparts, to support 
conservation policy measures that can reduce agricultural output from landscapes. 
Any consumer, whether local or in distant global markets, who is dependent on 
those landscapes for their food provision is potentially vulnerable to this change. 
 Second, as urban populations grow relative to their rural counterparts, they tend 
to have increased wealth and increased consumption expectations. This typically 
changes the nature of their diet, as determined by ‘Bennett’s Law,’ which states that 
as income increases, diets diversify from a narrow range of starch-based staples to 
a broader range of meat, fruit and vegetables ( Cirera and Masset  2010 ; Timmer 
et al.  1983 ). This can have positive health outcomes for consumers, but excessive 
consumption of meats and highly processed foods can result in negative health out-
comes, such as obesity. Furthermore, the higher economic value placed on these 
food types provides an economic incentive to farmers to produce them, typically at 
the expense of basic, low value carbohydrate staples. This is economically rational, 
but someone, somewhere needs to be producing carbohydrate staples in order to 
maintain food security (Porter et al.  2011 ). 
 Third, conditions have shifted from the historical situation of predominantly 
local production feeding a local population (Evans  1998 ) to one where food may be 
sourced from any of the planet’s farmlands, rivers and oceans and is transported 
large distances (often across the globe) to be delivered to consumers in distant cit-
ies. Trade has removed a nation’s limits on production and consumption, but the 
ecological limitations and repercussions still remain in the ecosystems of producing 
countries. Trade plays an ever-increasing role in the provision of biomass such as 
fi sh and crops (Erb et al.  2009 ). In fact, the “landless” livestock (Naylor et al.  2005 ) 
and “sea-free” aquaculture industries could not exist without the international com-
modities market enabling exchange of feed inputs. Although in some circumstances 
land areas within cities may be able to produce signifi cant volumes of food, particu-
larly in Africa (e.g., 90 % of vegetables in Dar es Salaam (Jacobi et al.  2000 )) and 
Asia (58 % of rice in Hanoi (Anh et al.  2004 )), the amount of food that is or could 
be produced within the urban environment varies widely on the basis both of eco-
logical limits (e.g., land area available and key limits to its productive capacity) and 
social limits (e.g., the residents’ ability and willingness to work it to produce food). 
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The contribution of urban agriculture to global production is at most one-third 
(Smit et al.  2001 ). Thus, in the future, urban demands for food will have to be met 
by the increasingly globally scarce terrestrial and marine primary production capac-
ity in hinterlands areas outside of cities (FAO  2010 ; Lambin and Meyfroidt  2011 ). 
 Fourth, consumers in urban areas are highly networked into global information, 
communication and trade networks. This is driving rapid changes in regional cultural 
values, which are, in general, becoming more homogenized and modeled after 
Western, high-consumption lifestyles. A consequence of this is food consumption 
patterns across the globe becoming more Western in their profi le. Not only are there 
health implications (both good and bad) stemming from this diet shift, but there are 
implications for regions that have historical mechanisms in place that are designed to 
maintain a degree of local food security. Trade measures to protect regional produc-
tion of traditional regional cultural staples are vulnerable to this cultural change as 
those traditional staples decline as a percentage of regional consumption (again, as 
cultural preferences shift towards increased consumption of Western-style products). 
 Fifth, urban areas are economic engine rooms and drive free-market systems, 
which have transformed the food system into highly sophisticated, highly commoditized 
systems of industrial production. The logic of economic valuation of commodity 
chains is that producers at the primary production end of the chain receive least 
value for their product. This tends to either cause them to switch to high value 
primary products or to value add to what they produce, transforming it into higher 
value. More broadly, primary producers are driven to increase production by volume 
for an equivalent income. This increased production is good in the sense that it 
results in an increased total volume of food available. However, it often comes at an 
ecological cost as landscapes are driven to produce more from the same area either 
through large increases in inputs or by eroding natural capital such as soil nutrients 
(and leading to their exhaustion). Socially, it tends to depress income for agricultural 
producers, therefore providing an incentive for those who can to switch to other 
(often urban) employment, and trapping in poverty those who cannot. A shrinking 
and aging local agricultural workforce is one consequence of this decline in income, 
and an economically ‘colonized’ overseas workforce another. In food security 
terms, it makes urban consumers vulnerable as production is driven away from 
basic carbohydrate staples upon which they ultimately depend. 
 Landscapes and seascapes cannot provide food to urban consumers if farmers are 
not willing to manage the land, sea and coasts for food output. As the following case 
studies demonstrate, in many places aging populations of farmers are not being 
replaced by younger generations as the attractiveness of farming as a career declines. 
Elsewhere, farmers continue to produce, but are switching from basic carbohydrate 
staples, such as wheat or rice, to higher value products such as wine grapes and 
farmed shrimp. Furthermore, the economic opportunities of cities are a driving 
force for migration from rural areas, which also reduces the labor force available to 
produce food. Although economically rational, these changes to the value placed on 
ecosystem services can imperil food systems and urban food and nutrition security. 
We examine how Copenhagen, Tokyo and Canberra are affected by these changes 
and how this relates to their own food security and biodiversity. 
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26.5  Three Case Studies of the Changing Human- 
Environment Relationship as a Result of Urbanization 
 Urban consumers of food are linked with agricultural landscapes and workers across 
complex, globalized, food supply networks. The boundary of the urban food system 
is not the urban municipal limit, but wherever the key variables driving change in 
the food system occur. This complexity, coupled with the remoteness of these sites 
of production, can conceal their interconnectedness. However, a systems approach 
helps reveal how a change in one variable drives changes in the others (Proust et al. 
 2012 ). A central focus is on the nature of the feedback loops in the system, and 
whether they either maintain the value of key variables of concern at roughly 
constant levels, or rather are driving them exponentially higher or lower. If key 
variables are being changed, then the vulnerability of urban consumers to that 
change needs to be considered. Thus, we use a systems approach to understand 
some of the changing relationships due to urbanization in regards to food security 
and biodiversity in three major cities. 
26.5.1  Danish Food System – Import and Transform 
 Denmark is a small nation in northern Europe around 43,000 km 2 in size. Over half 
of the population of 5.5 million is concentrated in and around the national capital, 
Copenhagen. The landscapes are fl at and mostly deep and fertile. The climate is 
northern temperate, with a cold-temperature limited growing season lasting from 
April to October. In the absence of human intervention much of the country would 
be tree-covered, but generations of agricultural labor have worked to keep these 
forests at bay. With ample and reliable groundwater, the landscape is well suited to 
agriculture, as wheat yields averaging 7.2 t/ha/year indicate. 
 Denmark’s islands give it an extensive coastline and a history of maritime trade. 
With few resources other than its natural fertility, agricultural export trade came to 
dominate Denmark’s economy. However, the limitations of available land area 
meant that Denmark could not be a major raw commodity producer in a global 
economy. As the innovation of the railroad opened the vast American prairies and 
Russian steppes for grain production, Denmark’s grain exports could not compete 
in terms of scale. Consequently, from the early nineteenth century, Denmark has 
had to add commercial value to its primary grain commodities by transforming 
them into livestock-based products – originally principally dairy and processed 
meats – to secure export niche markets. 
 Denmark’s agricultural profi le today is characteristic of this manufacturing 
approach. Historically, attempts to maximize agricultural output drove wetland 
draining and woodland clearing in order to increase total available land area. Forest 
coverage fell to a low of about 4 % in the 1800s, but it now stands at about 11 %. 
Land area devoted to agriculture has declined from around 74 % in the 1920s to 
stabilize at around 60 % today. However, as mechanization increased, the number of 
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Danes employed in agriculture declined, from a quarter of the workforce in the 
1950s to less than three percent today. The number of farms also declined across 
this time period, from around 200,000 to some 20,000 but increased in size and 
extent of mechanization (Jespersen  2004 ). Livestock farming, notably piggeries, 
holds a dominant position. However, a signifi cant and growing proportion of the 
grains fed to these animals is not from Denmark, but imported. South American 
soybeans, much of them Brazilian, form about 60 % of this imported feed mix, with 
various grains from elsewhere in Europe making up the balance (Deutsch et al. 
 2009 ). In all, about 20 % of the land area devoted to growing the feed for Denmark’s 
pig production is located outside of the country. One consequence of this is that 
Denmark can embark on reforestation and wetland restoration projects without the 
biological productivity of the land areas withdrawn from agriculture compromising 
the country’s ability to produce pork for domestic consumption and export. 
 By outsourcing the location of primary production, Denmark retains an eco-
nomically viable farming sector that produces a culturally valued food staple, while 
removing land areas from lower-value grain production. The land relieved from 
agricultural production provides other important services, such as carbon regulation, 
higher biodiversity and amenity. Value adding in this way is often presented as a 
model for improving the economies of many developing nations, e.g., the conversion 
of low value rice paddies into shrimp farms in Thailand. The economic rationale for 
these substitutions is that the higher-value product generates income with which the 
forgone lower-valued commodity can be purchased. This requires economically 
colonizing some remote landscape and harnessing its biological productivity, with 
all the associated impacts on biodiversity, water availability, nutrient loading, and 
carbon sequestration capacity displaced to that landscape (Fig .  26.2 ).
26.5.2  Japanese – Rice Security and Reducing Food 
Sovereignty 
 The nation of Japan is located in the East China Sea and is formed from a chain of 
islands with a total land area of some 378,000 km 2 . Its population of 125 million is 
largely concentrated at very high densities in its cities, with the greater Tokyo- 
Yokohama region forming a megacity of some 8,550 km 2 at a density of 4,300 per 
km 2 . This crowding is in part a consequence of the geologically young and moun-
tainous nature of much of Japan. It also results in only some 20 % of land area being 
cultivatable. Climate varies across the islands due to their extensive North-south 
latitude. However, where they are temperate, and combined with rich volcanic soils 
and reliable rainfall, they can be extremely biologically productive. Consequently, 
for much of its history Japan was self-suffi cient in a diet based around rice, fi sh and 
vegetables. 
 Post-World War II, the Japanese economy has grown signifi cantly. During this 
period, the Japanese diet has moved away from its traditional diet to a more 
‘Western’ diet, with greater meat, wheat and oil intake. In 1960, the Japanese 
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(continued)
 Link Number Description 
 Loop R1: Domestic Grain Production 
 1  If the amount of Danish domestically produced grains increased, the need for 
Brazilian grain would decrease assuming the total amount of grain required is 
constant. 
 2  If the amount of Brazilian grain imported increased, the amount of Danish 
produced grain would decrease. 
 Loop B: Domestic Grain Price 
 3  If domestic grain production were to increase it would drive down the price paid 
for grain as the available supply of commodity closed in on demand for 
the commodity. 
 4  If the price of domestic grain went up it would stimulate more farmers to 
produce it as the economic return on grain production increased. 
 This increased production would then feedback via link 3 to depress prices and 
choke further production. Production and price would stabilize around 
equilibrium. 
 Loop R2: Dependence on Brazilian Soy 
 5  As the amount of Brazilian soy imports increase the Danish pork production 
system becomes more dependent upon them. The price of Danish pork represents 
the low cost of Brazilian commodity inputs and structural  adjustments in the 
Danish agriculture system combine to make it hard to stop importing from Brazil 
and to return to Danish grain consumption. 
 6  Dependence on Brazilian soy as the primary commodity input that is  transformed 
by the Danish pork industry into higher-valued pork products further depresses 
the price paid for domestic grain. 
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(continued)
 Fig. 26.2  Denmark’s growing dependence on imported soybeans for pork production. Global and 
local dynamics interact to effect Danish food security and local and global biodiversity 
population of 92.5 m consumed 126 kg of rice per capita. By 2010 the population 
had climbed to 127.5 m but per capita consumption had fallen by half, to 67.4 kg 
(Yamashita  2008 ). 
 Despite this change in cultural preferences, Japan maintains its sovereign self- 
suffi ciency in rice production due to a complex mix of domestic policy initiatives. 
These protect Japanese rice farmers through import restrictions, tariffs and subsidies, 
and ensure national rice consumption can be met by national production, even if 
food imports are disrupted. Only around 4 % of the rice in Japan is imported in one 
form or another. 
 About 85 % of Japanese farmers produce at least some rice. Rice yields per 
hectare are high by world standards, which is a refl ection of the suitability of 
Japanese landscapes and climate to this crop. However, Japanese rice farmers are 
not effi cient by most measures. Farms are extremely small, averaging around 1.8 ha. 
Levels of mechanization are high but this is largely to subsidize on-farm labor time 
and energy. Rice farming is a part-time occupation for most farmers, who earn the 
majority of their income from more profi table activities outside of agriculture. 
Government policy instruments designed to maintain suffi cient sovereign food pro-
duction of rice are blamed for artifi cially high prices that encourage micro-farming 
and prevent the production effi ciencies that could be gained from up-scaling. 
 Because Japanese consumption of rice per capita has fallen so dramatically, 
halving since 1960, domestic production required to secure domestic demand is 
much less today than it was 50 years ago. Consequently, although Japanese rice 
production meets Japanese rice consumption, is not meeting changing food prefer-
ences, so overall sovereign food security is declining. If Japanese food production 
tracked Japanese food consumption patterns then it would need to shift to produce 
the basic commodities required for the ‘Western’ style eating habits that are com-
ing to dominate. This would require switching to products such as grains to feed 
livestock, wheat for bread and canola for oils. It is these commodities that are 
 Link Number Description 
 What is actually happening? Danish farmers are moving out of grain production and into pig 
production as they can earn more money from pork. It is cheaper for them to buy imported 
Brazilian soybeans than to produce pig feed themselves. Denmark’s agriculture system now 
transforms globally sourced feed inputs (produced in remote ecosystems) into high-quality, 
high-value pork products for domestic consumption and export. As a result domestic grain 
production has fallen, driving imports up and further reducing domestic production. The ready 
availability of cheap Brazilian feed means that farmers have little incentive to increase domestic 
grain production. Thus, Denmark is becoming more and more dependent on non-Danish primary 
commodity inputs and so dependent on the social and environmental conditions in other 
countries. Denmark can increase biodiversity in its own landscapes, e.g., restoring wetlands, by 
importing soybeans. Any negative effects on biodiversity then occur in the ecosystems where 
soybean production occurs. 
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responsible for Japan’s import-dependency, which, based on total calorifi c value, is 
currently at around 60 % of food consumed. However, many barriers to changing 
production output exist, including the suitability of Japanese landscapes and cli-
mate for these ‘exotic’ products, the entrenched skill sets of farmers, the low levels 
of willingness of young people to farm, the exposure of these commodities to 
cheap world market prices, and the small size of rice farms with their capitalization 
in rice-production- specifi c mechanization. 
 Profi table Japanese farming does exist in non-intensive fi elds, such as some 
fruits, vegetables and fl owers, but this is not what makes up the carbohydrate 
staples. Orthodox economic rationalism could argue that there is no problem here 
and Japan should abandon farming altogether and rely on its non-agricultural sector’s 
earning-capacity to purchase the food it needs from world markets. In ecosystem 
terms, this is to suggest that Japan should cease trying to harness the provisioning 
service capacities of its own landscapes and instead appropriate the provisioning 
services of landscapes elsewhere in the world. Demographic changes and young 
people’s perception that they can earn far better incomes and more enviable life-
styles by working in big cities may simply deliver this outcome anyway. However, 
it would seem that Japan would then be following a pathway to a future it does not 
want. In addition to being vulnerable to disruptions to imports, it would lose the 
cultural ecosystem services that it claims to value, exemplifi ed by traditional 
‘ satoyama ’ landscapes, their iconic farming communities and their quality rice 
output (Takeuchi  2010 ). It is also highly likely that it will start to experience levels 
of obesity prevalent in the West as a consequence of increased adoption of the 
highly processed Western diet (Fig.  26.3 ).
26.5.3  Australia – Net Food Exporter 
 The Australian Capital Region (ACR) is in the South East of the continent, and 
includes the Australian Capital Territory and surrounding regional local government 
areas. The ACR has a population of 550,000 in a land area of 5.86 million ha 
( a population density of 0.1 persons/ha). The ACR landscape is dominated by 
2.4 million ha grazing lands for sheep and cattle, much of which is on unimproved 
native perennial grasslands, which are mostly unsuitable for cropping. Croplands 
cover approximately 187,000 ha, including extensive wheat growing in the northwest 
of the ACR. Signifi cant forestry activity occurs to the east. Using wheat yields as an 
indicator of biological productivity, ACR yields are approximately 2.0 t/ha, but this 
fi gure is extremely variable depending on highly fl uctuating rainfall patterns and 
other factors inherent to Australian climate and landscape conditions. 
 Although Australian soils are of low productivity per ha, given the very large 
land area it commands and its very low population density, the ACR could meet 
regional demands for the staple foodstuffs: beef, sheep meat, cheese, apples and 
wheat. As an overall average, and for a diet restricted to these products, the ACR is 
food sovereign. However, regional consumers would probably not be willing to 
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 Fig. 26.3  Japan’s growing dependence on imported non-rice staples due to government supports 
for domestic rice production 
 Link Number Description 
 Loop R2: Rice at Any Cost 
 1  The Japanese government’s concern about vulnerability to interruptions in the 
importation of its traditional carbohydrate staple, rice, results in policy initiatives 
that protect Japanese rice farmers, which increases rice production and dampens 
rice import demand 
 2  The more emphasis on domestic rice production, the less willing and able 
farmers are to economically produce other staples 
 3  If local production were to occur it would positively affect their local abundance, 
although this is not in fact occurring 
 4  The higher the levels of local abundance lower the amount of imports that are 
required to make up the difference 
 Loop R1: Buy Overseas 
 1  As described above, the Japanese government protects Japanese rice production 
to ensure Japanese domestic consumption demands are met 
 5  Focusing on local rice production negatively affects the production of non-rice 
staples. 
 4  Because local levels of abundance of non-rice staples are low, imports are high to 
make up the difference between actual levels and demand 
 What is actually happening? Japanese government support keeps Japanese rice farmers viable 
so that Japanese domestic rice production can satisfy Tokyo’s rice demand. Over time, 
Japanese dietary preferences are changing towards a more ‘Western’ diet and rice consumption 
(as a percentage of total food consumption) is going down. Government-supported small farms 
geared to rice production cannot viably track these changes in preferences. With imports making 
up the difference between local production and local demand this reinforcing loop is driving 
Japan’s food self-suffi ciency downwards 
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limit their intake to these local, seasonally available goods and there may be health 
implications for such a restricted diet. As a relatively wealthy country the popula-
tion is under no pressure to restrict its consumption to local production, and so food 
is traded in and out of the region for reasons of cultural preferences and economic 
effi ciency with little concern for ecological capacity. 
 The surplus provisioning capacity of the landscape of places like the ACR are 
exported to make up the productive shortfalls of cities like Tokyo. However, for 
each hectare of Japanese ecosystem taken out of production, for the various reasons 
described above, a greater number of hectares of Australian landscape is required 
for equivalent volume of provision. This is a consequence of Japanese landscapes 
being at least twice as agriculturally productive, capable of yielding at least six tons 
of rice per hectare to Australia’s two tons of wheat. They are also much less vulnerable 
to annual climatic variation, such as drought, which is endemic to Australia. If, as 
discussed above, Japanese policy is to depend on the provisioning capacity of 
non-sovereign landscapes, then domestic food policy needs to adapt to refl ect the 
vulnerability and variability of the local conditions. This vulnerability includes 
both local ecological as well as local policy changes that sit largely outside of 
Japanese political infl uence. 
 One example of this is the growing level of environmental concerns, predomi-
nantly in the politically-infl uential and numerically-dominant urban electorates in 
Canberra. Concern for the cost (in terms of river ecological health) of large volumes 
of water abstracted for irrigation has seen the growth of political pressure for 
environmental fl ow restoration. Despite the merits of such arguments (from an 
environmental perspective), the consequence is, by and large, that their success 
means less water is available for irrigation. Rice growers, for example, are particu-
larly susceptible to any reduction in water allocation or increase in its value due to 
the very high volumes that they require per ton of output and the relatively low value 
of their product compared to a product such as wine grapes. The observation that 
consumers actually need rice more than they need wine in order to subsist does not 
refl ect the economic driver pushing in the opposite direction. Consumers dependent 
on the food produced, including overseas, are consequently vulnerable to this shift 
in local land-use priorities (Fig.  26.4 ).
 The wealthy urban populations in all three of our cases show a typical highly 
diversifi ed diet, although the composition in Tokyo is slowly Westernizing. All 
three cities adhere to the highly commoditized systems of industrial production 
based on energy- and material-intensive external inputs for the bulk of their food 
provision. Fully integrated in the global market, trade enables these cities to both 
consume and produce what its consumers desire without regard to the local capacity 
of ecosystems in capital city regions. Strong government support policies in Tokyo 
struggle to maintain local rice production due to cultural values, but Tokyo must 
import the vast majority of its food due to limited farm areas. Meanwhile, the 
Copenhagen and Canberra regions could be much more self-suffi cient in their food 
provision. Copenhagen has chosen to focus on large-scale commodity production of 
pork to supply the world’s increasing demand for meat using the industrial produc-
tionist system, which imports the majority of feed inputs from other systems through 
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 Link Number Description 
 Loop R1: Urban Concerns for Nature 
 1  A growing urban population that is increasingly distant from and unaware of its 
dependencies on ecosystem productive services tends to favor ‘conserving 
nature,’ e.g., river health 
 2  Popular interest in conservation initiatives leads to policy interventions to deliver 
conservation programs 
 3  The popular success of conservation programs leads to a political will to enact 
further such initiatives and wariness to support agricultural-production orientated 
policies, which are seen as in opposition 
 Loop R2: Valuing Food as a Commodity 
 4  As the political infl uence of the non-agricultural sector increases, measures 
supportive of encouraging primary production decrease 
 5  The less primary production is supported, the less food is produced 
 6  Decreasing food output decreases the economic value of the sector 
 7  The less the economic strength of its agricultural sector, the lesser its political 
infl uence 
(continued)
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the global market. This approach can increase biodiversity in its capital city region 
if it releases areas previously under cultivation for restoration, but it presently comes 
at the expense of biodiversity in the countries supplying the feed. We see a similar 
disconnect between urban populations and food production in Canberra as urban 
residents push politically for reductions in irrigation to restore riverine habitats, 
benefi tting riparian biodiversity, but presently at the expense of food production and 
even local rural livelihoods and food security. 
26.6  Urbanization, Food Systems, Ecosystem Services 
and Biodiversity in the Twenty-First Century: 
Three Possible Futures 
 The linkages between cities and the production, processing, transport and access sys-
tems that provide them with their food are obviously multi-scale, complex and continu-
ally evolving. Predicting how the continuing trend of urbanization and its connection to 
food systems will evolve in the twenty-fi rst century is a daunting task. But understand-
ing these possible future trajectories is crucial to understand how urbanization will 
continue to affect the ecosystem services on which we all depend, and the future of 
biodiversity, which underpins the provision of all ecosystem services. Here we use a 
scenarios approach, based on the work of Lang and Heasman ( 2004 ), to explore three 
plausible futures for the urban food system, and the implications for biodiversity. 
 Link Number Description 
 Loop R3: Feeding People Overseas 
 8  As less food is produced, less surplus food is available for export 
 9  International income derived from the export of food commodities further 
decreases the value of the sector and its political infl uence 
 What is actually happening? Australia’s urban population is far larger than its rural population 
and this imbalance continues to grow. Wealthy and educated, relative to its rural counterpart, 
the urban population is largely unaware of its dependency on agricultural output. They support 
government policies that tend to favor ‘nature conservation’ over agriculture, perceiving little 
direct cost to themselves. Like most commodity sectors, agriculture in Australia suffers from 
worsening terms of trade. The resultant economic decline in the sector weakens its political 
infl uence. Consequently there is a political drift away from support for agriculture. Declining 
agricultural productivity erodes Australia’s food exporting capacity 
 The willingness of recipient nations to pay high prices for these commodities has the potential 
to increase the economic value of Australian agriculture sector. However, currently the 
dependency of these recipient nations on Australian output is either not readily recognized 
(in the case of wealthy nations, like Japan, who can afford to import from elsewhere) or is 
recognized, but beyond the receiver’s ability to do anything about it (in the case of poor nations, 
like Bangladesh, who cannot afford to pay more) 
(continued)
 Fig. 26.4  Urbanization in Australia is weakening the political infl uence of the agricultural sector. 
Conservation efforts to maintain riparian areas can benefi t biodiversity, but reduce Australia’s food 
exporting capacity 
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26.6.1  Scenario 1: Industrialized Productionist System 
 This scenario is basically a higher-tech version of business-as-usual, with a continu-
ation of the food production systems that have developed and come to dominate 
in most developed nations through the second half of the twentieth century. It is 
technology- and energy-input dependent and is enabled by a range of revolutions in 
land use, land ownership and agrarian social relations. 
 The industrialized productionist paradigm has been hugely successful when 
assessed by the key indicators that it values. The overwhelming variable of central 
concern to this paradigm is total volume of food output driven by both intensifi ca-
tion and extensifi cation. Consequently, the key food sector that it addresses is the 
global commodity markets where demand is met through high-input agriculture that 
channels mass production into mass markets. The effi ciency of the industrialized 
agri-businesses that have come to dominate is measured largely in terms of quantity 
of produce, with limited choice, variation and quality, other than marginal marketing- 
dependent brand-based perceptions of product range at point of sale. The knowledge 
inputs into this food system are narrowly focused around direct application of 
chemical, pharmaceutical and genetic interventions to raise yields and minimize 
losses, with the agroeconomic extension offi cer the primary authority. Often, the 
productionist paradigm has fi rst looked to secure national markets through local 
subsidies and market protection, although tensions emerge between larger scale 
concerns attracted to international markets and more local concerns stressing 
national security. 
 Overwhelmingly, the consumer focus is on cheapness, choice and convenience 
of supply, with the prime purchaser of household food assumed to be a time-stressed 
female. As post-war food shortages fade from memory, the consumer’s gratefulness 
for adequate supply becomes expectation that all ingredients for any world-cuisine 
recipe will be constantly available. In many cases these exotic dishes, or their primary 
inputs, are prepared in tinned, frozen, or even fresh, ready-made forms. The assump-
tion regarding the ecosystem services required to support these levels of provision 
is that they are cheaply and – increasingly – globally available. The underlying 
natural resources to sustain large-scale, homogenized, bulk commodity output are 
assumed to be either inexhaustible or indefi nitely relocatable. Key fossil fuel energy 
inputs for transporting and processing are likewise assumed to be cheap and inex-
haustible. Food wastage and pollution along all steps in the food system is not seen 
as being of pressing concern and may be an insignifi cant cost relative to the 
cheapness of the primary input. The health consequences of consuming food are 
very narrowly considered, the main argument being that food’s health dimension is 
primarily concerned with freeing the world’s population from starvation. Broader 
issues, such as obesity, are regarded as a consequence of consumers’ free choice. 
 Overwhelmingly, food systems early in the industrialized productionist mode are 
the sole concern of agricultural ministries. Over time, the political support of 
domestic agricultural departments is eroded as foreign affairs and trade departments 
seek to open up markets globally. 
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 This model will continue and intensify the current relationship between urban 
dwellers and food production. That is, urban dwellers are physically and conceptually 
separated from the places and processes involved in producing the food that they 
consume. This disconnect means that most urban dwellers do not have an under-
standing of the ecosystem services on which their food supplies are based, nor on 
the impacts of their food provision systems for biodiversity. Thus, the separation of 
urban dwellers from the rest of nature in general not only continues, but becomes 
even more pronounced. 
 Although it has tremendous momentum, there are signs that the global dominance 
of this industrialized productionist paradigm may be coming to an end. The mantra 
that more food will end global food shortages has not been born out, as large 
numbers of people regularly go without adequate supplies despite the vast output. 
In some cases cheap food imports can erode local self-suffi ciency, rendering 
communities aid-dependent. Elsewhere, the abundance of produce fails to reach end 
consumers in adequate volumes, being lost or spoilt en route or simply because they 
do not have the means to acquire it. Concerns over the globalized food system’s 
vulnerability to rising energy costs, water shortages, fertilizer input ceilings, and 
land use and other planetary boundaries all belie the paradigm’s conviction that 
more can always be produced. The further perturbation of climate variation and its 
effect on productive output of landscapes across the global is an additional risk of 
largely unknown seriousness (for more on climate change and urban vulnerability, 
see Chap.  25 ). 
26.6.2  Scenario 2: Life Sciences Integrated System 
 This approach, which Lang and Heasman ( 2004 ) postulate as one of two possible 
alternate pathways, emphasizes the combination of biotechnology and information/
communication technologies to revolutionize the current system. Here, science in 
the hands of globally integrated food corporations comes to play a dominant role. 
Biotechnology and computer logistics combine to increase yields and optimize 
input regimes that are tailored to local conditions, through computer monitored 
water management and fertilizer regimes adjusted to local soil nutrient profi les – in 
short, precision farming. Total distribution systems would track produce across the 
entire food systems from production to retail and consumption. More attention 
would be paid to losses and wastage through controlled environments and “just-in- 
time” delivery systems. The old industrialized productionist approach of fl ooding 
markets with large volumes of inputs in the hope some would be consumed would 
be replaced by hi-tech control over the right produce being in the right place at the 
right time to meet market requirements. 
 GMOs are the archetype product of the life-science paradigm as scientists try to 
engineer plants to yield ever more of what humans value under ever more stressful 
growing conditions. In such a future paradigm, the health needs of consumers could 
be met by highly personalized provisioning requirements in an information-rich 
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product environment. In terms of ecosystem services, this paradigm would point to 
lower but more effective input regimes and perhaps the ability to take stressed 
ecosystems out of production. Overall though, the natural capacity of ecosystems to 
yield services only partly constrains what human ingenuity can do with those systems. 
In this paradigm the challenges of producing suffi cient food within planetary 
boundaries would be considered to be yet another laboratory challenge. 
 The life sciences integrated paradigm can be viewed as the least challenging 
transition away from the current industrialized productionist paradigm. Its promise 
is that human ingenuity can continue to overcome the limits that nature temporarily 
imposes on human behavior. It seems highly likely that some aspects of the para-
digm will play a role in future urban food security and indeed many features are 
recognizable already. However, those voicing concerns with this future argue that 
it shares features of early versions of the Green Revolution, including the premise 
that science can indefi nitely postpone the time when humankind must live within 
planetary boundaries. The feared result is a positive feedback loop in which more 
people become more dependent on the mechanisms that allow the limits to growth 
to be ignored. As for the industrialized productionist systems, the mechanisms that 
are holding the food system up are energy- and material-intensive external inputs 
to the system, so that the system, although based on cutting edge technologies, is 
not self- supporting or sustainable in the long term. Furthermore, the owners of the 
supporting mechanism are an ever fewer number of multi-national, vertically inte-
grated agri-businesses who have no particular allegiance to a nation or its popula-
tion, other than that they are markets for its products. Rather than laud GMOs as 
the potential savior of the world’s food production system, these critics would 
question the wisdom of copyrighting and privatizing ownership of the genetic 
information of food. 
 The life sciences integrated approach could indeed take considerable pressure off 
the natural environment and possibly enhance other ecosystem services if it was 
implemented in a way that placed value also on ecosystem services other than food 
provision. However, it would not change the relationship between urban dwellers 
and food production, that is, the strong and growing disconnect between the urban 
population and the ecosystem services of the hinterland. It could even be argued that 
the life sciences integrated paradigm would exacerbate this disconnect, given its 
strong emphasis on a high-tech, highly commoditized system that diminishes even 
further the role of nature and biodiversity in supporting sustainable food systems. 
26.6.3  Scenario 3: Ecologically Integrated System 
 This approach is vastly different from both the industrialized productionist and the 
life sciences integrated paradigms. The emphasis here is on maintaining the whole 
suite of ecosystem services rather than maximizing food production at the expense 
of other services. This implies a focus on production diversity such as polycultures, 
as well as urban agriculture or urban gardening as an important component of the 
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scenario. The ecologically integrated systems paradigm is the scenario most likely 
to accept and work within the planetary boundaries. 
 Characteristics of this approach are the focus on key processes that drive balancing 
feedback loops in the system. A priority concern is to maintain the fundamental 
ecosystem functions and characteristics, such as biodiversity, which ensure that 
ecosystem provisioning and other services can continue to be delivered. Reduction 
in the use of energy and other inputs as well as waste reduction are key features of 
the approach, and overall risk management, for example, for insect pests, would be 
achieved through production diversity, such as polycultures. In effect, natural eco-
system services would be used rather than industrially produced synthetic inputs 
such as pesticides. The ecologically integrated system scenario is fundamentally 
based on an integration of the entire food system, with a central focus on whole- 
farm systems approach that manages land primarily for soil health and water effi ciency, 
so that biodiversity is increased and long term yields are supported. 
 As an industry, the approach is most closely associated with today’s organic 
farming sector, but other low input and ‘nature-focused’ farming systems fi t the 
mold. In many areas at the margins of the currently dominant industrial systems, 
these alternatives are being practiced and refi ned. The scientifi c knowledge inform-
ing the development of these systems cuts across disciplines and would include lay, 
farmer and other knowledge sources. The role of formal policy institutions is often 
regarded with suspicion, although legal mechanisms to regulate, for example, envi-
ronmental claims (such as organic labeling) are recognized. Typically the emphasis 
is on developing policy partnerships of collaborative institutional structures, both 
formal and informal, which include local civil society and social groups. 
 Within the ecologically integrated system paradigm the consumer is reimagined 
as an active agent within the food system, whose knowledge and concern recouples 
them and their consumption to the landscapes and farmers who feed them. As a 
consequence of this, regional products and local markets are favored, which goes 
some way to refl ecting local and seasonal availability of produce. The consumption 
of a wider diversity of minimally refi ned and processed basic produce, with less 
meat, fats and sugars, is rightly assumed to be healthier than the commoditized food 
products of the other two paradigms. The overarching environmental assumption is 
that resources are fi nite and environmental pathways to replenish them are not fi nite 
but rather rate-limited. Hence there is a focus on limiting rates of abstraction of 
resources to balance rates of replenishment through a land-capacity-fi rst focus. The 
political support for the ecologically integrated paradigm is weak but growing, most 
notably among affl uent and ethically concerned consumers in fi rst world urban 
situations. 
 A tension exists between the desire to have this approach move from the margins, 
where it is currently developing, to the mainstream. At the margins, the approach is 
not unimportant but reasonably ineffectual, although it is developing the basis for 
change at much larger scales. In the mainstream, the ecologically integrated system 
approach could actually contribute signifi cantly to supply, but there is a risk of falling 
under the productivist emphasis of the other paradigms (and consequently suffering 
the loss of its benefi t to the food system as a whole). 
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26.6.4  Conclusions 
 Arguments to limiting regional consumption to the bioregional capacity need to be 
considered in light of the fact that about half of the world currently does limit its 
food intake to bioregional output and starves regularly as a result. First-world advo-
cates of such practices also need to consider how much of their total consumption 
they are prepared to have constrained by local production, or whether they actually 
expect the productivist regime to continue as a back up for whatever or whenever 
supplies become locally unavailable. It is possible that aspects of the ecologically 
integrated paradigm will form a part of future food system security. However, it 
remains to be seen how much of a balance can be achieved between local resource 
limits and the benefi ts of consuming food from remote ecosystems, especially how 
those benefi ts are more equitably transmitted back to support the farmers and the 
landscapes that produced the food. 
 In stark contrast to the fi rst two scenarios, the ecologically integrated system 
approach has the potential to be a game-changer in terms of the relationship of 
urban dwellers to food production. The emphasis in this scenario on urban gar-
dens would go a long way towards addressing the current disconnect between 
urban centers and their food. In addition, if the amount of food grown in urban 
areas and their peri-urban surrounds could be increased from present estimates of 
about 15 % of food consumption to perhaps a maximum of 30 %, it would also 
make a signifi cant contribution to taking pressure off landscapes to increase 
productivity. 
 Cities in poor regions that cannot afford to displace their point of impact to 
another landscape (once they have exceeded their local landscape’s capacity to 
provide) suffer chronic food insecurity and shortages. Their predicament 
is made worse if affl uent consumers out-bid them in what little food markets to 
which they have access. Consequently, these urban consumers of food need 
to ensure that the landscapes that are provisioning them are being managed 
sustainably. 
 However, in affl uent cities the primary food security issue is not one of inade-
quate supplies leading to general malnutrition and starvation. Consequently, in 
these cities the value of urban food production is more likely to be found in its 
educative, active lifestyle and community-building roles than its ability to contrib-
ute signifi cant percentages of total volumes consumed. Here the poor health out-
comes are likely those arising from overconsumption or the consumption of a 
nutritionally poor diet, with issues such as obesity, type II diabetes, blood pressure 
and other cardiovascular conditions dominating. Fundamentally, the ecologically 
integrated system approach, especially the urban garden component, would go a 
long way towards reconnecting urban dwellers with the biosphere (Folke et al. 
 2011 ) generating positive effects on biodiversity. 
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